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1. Objective and research question 
The main objective of this analysis is to quantify the underlying structure of the climate, socioeconomic 
and conflict system. Understanding how the three main themes (climate, conflict and socioeconomic) 
are connected, is key to defining intervention and mitigating conflict. The main research question we 
aim to address is: What is the underlying structure of the climate, conflict, and socio-economic system 
in Senegal? 
 
2. Methods and data 
Using network analysis, a statistical model is built to quantitatively display the connections between 
several variables pertaining to climate variabilities, security threats and socioeconomic risks, in order 
to identify the underlying structure of this complex system of relationships.  
Climate variables were compiled using Climate Hazards Group InfraRed Precipitation with Station data 
(CHIRPS) data [10]. Conflict data were gathered from the Armed Conflict Location & Event Data 
Project (ACLED). Socio-economic data are collated from the Demographic Health Survey (DHS). 
3. Results 
What is the underlying structure of the climate, conflict and socio-economic system? 
Climate extremes and shocks threaten countries that rely heavily on rainfed agriculture. Senegal which 
sits in the Sahel of West Africa is a highly climate vulnerable country and illustrates some of the most 
intense cases of climate change [1]. Projections in the future anticipate even further increases in 
temperatures with more erratic drought and flood events. Senegal will likely see major burdens to their 
economy, who rely heavily on agriculture for employment and GDP. Additionally, areas in Senegal 
have been for a long time endured one of Africa’s longest civil conflicts, making the climate change 
issue a complex problem, involving many aspects of the socioeconomic landscape from inequality risks 
to conflicts. 
Among 38 variables, the network model retained 29 variables. Each category of variables is represented 
in the network model (different colours), suggesting the relevance of many sectors of the socioeconomic 





Figure 1. Relationship between climate, conflict and socio-economic risks as a network model for the 
Senegal case. The width of each edge corresponds to the strength of the relationship between each 
pair of variables. 
Looking at the network variables within the same category (e.g. climate, employment and education, 
poverty and inequality risks) tend to be closely related.  For example, all poverty and inequality 
variables are clustered among themselves (except total households that own agricultural land). Total 
households that own agricultural land (node 5) sits more closely within the climate drivers (nodes 25-
29). Viewing this nexus from a systems perspective, the network model illustrates the heavy 
vulnerability of crop-based agriculture to climate (node 5) which is centrally and strongly situated 
in the climate cluster of nodes (red) and especially temperature (node 28). This high-level of 
agricultural reliance on rainfall combined with observed crop vulnerability to maximum temperatures 
during the growing season has proven to result in reduced yield outputs in most cases. Climate change 
is expected to cause a reduction in sorghum, maize and millet yield by 20-50% by 2050 [11]. 
Following on from the agricultural vulnerability, the next most evident connections are to the 
percentage of individuals unemployed at the district (node 20) and the ratio of very poor to very 
rich households (node 4). Importantly, all of these variables then have predominant connections to 
conflict variables (nodes 21-24). 
A central issue in the climate- economy debate is the extent to which economic agents can respond to 
these climate stressors [2]. In order to adapt, farmers will need to adjust their production techniques to 
different climate conditions [3,4]. Economic agents in developing countries are believed to be 
constrained in their ability to adapt [2]. Evidently, this adaptation deficient can cause major linkages 
between climate and conflict outbreaks within a country. Indeed, the network shows direct linkages 
between rainfall and temperature variables and conflict. 
These climate stressors however also exacerbate previously existing socioeconomic risks.  Within the 
network, there are direct links between climate and employment. With employment heavily reliant 
on agricultural production [5], climate stressors are likely to have a significant impact on the income 
of a large share of the population. Through this there is a complex interrelationship between climate 
(node 28,29) resulting in a loss of employment security (node 17,20) and in turn conflict (node 24).  
Direct linkages are also evident between conflict and inequality. Indeed, we can see the link between 
conflict (node 22, 24) and the ratio of poor to very poor households (node 4). Despite having made 
notable development, Senegal still suffers from high poverty showing a noticeable inequality between 
rural and urban areas [6]. The Eastern provinces of Matam and Tambacounda have some of the 
highest poverty rates in Senegal. Inequalities may enhance both grievances and group cohesion 
among the relatively deprived and thus facilitate mobilization for conflict. In Matam and 
Tambacounda they are particularly vulnerable to radicalism and violence extremism [6].  
Interestingly we can also see that nutritional insecurity is the only set of nodes that does not have a 
direct relationship with conflict. This is not to say that nutritional insecurity does not drive conflict but 
rather that indirect relationships (i.e. relationships mediated by other variables) are shown to also 
exist, reinforcing the complexity of the system. Here we see strong links between employment and 
education to nutritional insecurity variables. These mediate the relationship between conflicts and 
socioeconomics.  
Annex. Methods and data 
We use a regularized partial correlation network [7], as part of Markov random fields, to model the 
climate-socioeconomic-conflict relationships. A network is a graphical representation of the 
relationships (edges) between different entities (nodes). The variables, represented by the nodes, are 
categorized as (a) climate variables, (b) conflict variables, and (c) socioeconomic risk variables which 
are further grouped into (c.1) poverty and inequality risk variables, (c.2) nutritional insecurity variables, 
and (c.3) employment and education variables. The edges between nodes, representing the partial 
correlation coefficients encode the remaining statistical association between two variables after 
controlling for all other information possible (conditional independence associations). These partial 
correlation coefficients were estimated from a matrix of Spearman’s rank correlation coefficients for 
continuous variables. Polychoric correlations were used for categorical variables, polyserial and biserial 
correlations used between variables of different types. To eliminate non-significant relationships, the 
partial correlation network was regularized using a Lasso regularization [8] with an EBIC model 
selection [9]. 
Climate variables were compiled using Climate Hazards Group InfraRed Precipitation with Station data 
(CHIRPS) data [10]. Conflict data were gathered from the Armed Conflict Location & Event Data 
Project (ACLED). Data on socioeconomic vulnerabilities were collected from the Demographic and 
Health Surveys (DHS). 
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